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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related Applications 
The present application claims the benefit of the filing date of U.S. provisional 
patent application serial no. 60/183.546. attorney docket no. 25791.10, filed on 
5 2/1 8/2000, the disclosure of which is incorporated herein by reference. 

This application is a continuation-in-part of U.S. Serial No. 09/559,122, attorney 
docket number 25791.23.02. filed on 4/26/2000. which datmed the benefit of the filing 
date of U.S. provisional patent application serial number 60/131,106, filed on 
4/26/1999, which was a continuation-in-part of U.S. patent application serial number 
10 09/523,460. attomey docket number 25791.11.02, filed on 3/10/ 2000. which claimed 
the benefit of the filing date of U.S. provisional patent application serial no. 60/124.042, 
filed on 3/11/1999, which was a continuation-in-part of U.S. patent application serial 
number 09/510.913, attomey docket number 25791.7.02. which daimed the benefit of 
the filing date of U.S. provisional patent application serial number 60/121,702, filed on 
15 2/25/1999, which was a continuation-in-part of U.S. patent application serial number 
09/502,350, attomey docket number 25791.8.02, filed on 2/10/2000, which daimed the 
benefit of the filing date of U.S. provisional patent application serial number 
60/119.611, attomey docket number 25791.8, filed on 2/11/1999. which was a 
continuation-in-part of U.S. patent application serial number 09/454.139, atiomey 
20 docket number 25791.3.02, filed on 12/3/1999, which daimed the benefit of the filing 
date of U.S. provisional patent application serial number 60/111,293, filed on 
12/7/1998. 

The present application is related to the following U.S. patent applications: (1) 
utility patent application number . . attomey docket number 25791.9.02, 

25 filed on 11-16-1999, which daimed the t)enefit of the filing date of prbviskjnal patent 
application numl)er 60/108,558, attomey docket number 25791.9, filed on 11-16-1998; 

(2) utility patent application number , attorney docket number 25791.3.02, 

filed on 12-3-1999. which dainned ttie benefit of the filing date of provisional patent 
application number 60/111.293, attomey docket number 25791.3, filed on 12-7-1998; 

30 (3) utility patent application number , attomey docket number 

25791.8.02. filed on 2-10-2000, which daimed the benefit of the filing date of 
provisional patent application number 60/119,611, attorney docket number 25791.8. 
filed on 2-11-1999; (4) provisional patent , application number 60/121,702, attomey 
docket number 25791.7. filed on 2-25-1999; (5) provisional patent application number 

35 60/121,841. attomey docket numtier 25791,12. filed on 2-26-1999; (6) provisional 
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patent application number 60/121.907, attorney docket number 25791.16, filed on 2- 
26-1999; (7) provisional patent application number 60/124,042. attorney docket number 
25791.11, filed on 3-11-1999; (8) provisional patent appncatk)n number 60/131,106. 
attomey docket number 25791 .23, filed on 4-26-1999; (9) provisional patent application 

5 number 60/137.998, attorney docket number 25791.17. filed on 6-7-1999; (10) 
provisional patent appllcatiori number 60/143,039, attorney dockiBt number 25791.26, 
filed on 7-9-1999; (11) provisional, patent applk»tion number 60/146,203,. attomey . 
docket number 25791.25, filed on 7-i29-1999; (12) pro>^lonal patent iapplicatipn 
number attorney docket number 25791.29, filed on 9-16-1999; (13) 

10 provisfonal patent application number . • attorney docket nuniber 

25791.34, filed on 10-12-1999; (14) provistonal patent japplteation number 

attomey docket number 25791^36, filed on 10-12-1999; (13) provisional patent 
application number 60/159.033, attomey docket number 25791.37. filed on 10-12- 
1999; (15) provisional patent application number , attomey docket 

15 number25791.27.filedon 11-01-1999. 

Applicants incorporate by. reference the dtsdosures of these applications. 

Background of the Invention 
This invention relates generally to wellbore casings, and in particular to wellbore 
casings that are formed using expandable tubing. 

20 Conventionally, when a wellbore Is created, a number of casings are installed in 

the borehole to prevent collapse of the borehole wall and to prevent undesired 4>utflow 
of drilling fluid Into the fonnatlon or inflow of fluid from the formation into the boretiQle. 
The borehole is drilled In intervals whereby a casing wNch is to be installed in a lower 
borehole interval is lowered through a prevkHJsly installed casing of ah upper borehole 

25 . inten^al. As a consequence of this procedure the casing of the lower intdrval is of 
smaller diameter than the casing of the upper inten^l. Thus, the casings are In a 
nested arrangement with ca&ihg diamet^ decreasing in downward direction. Cement 
annul! are provkJed between the outer surfaces of the casings and the borehole wall to 
seal the casings frem the borehole walk As a consequence of this nested an^ngement 

30 a relatively large bcmhole diameter is required iat the upper part of the wellbore. Such 
a large borehole diameter in\^lves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling flMtd and drill cuttings. 
Mqreover. increased drilling rig time is involved duis to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 



2 



diameters drilled in the course of the well. and the large volume of cuttings drilled and 
removed. 

Conventionally, at the surface end of the wellbore, a wellhead is fomned that 
typically includes a surface casing, a nurnber of production and/or drilling spools. 
5 vaMng, and a Christmas tree. Typically the wellhead further includes a concentric 
anrangement of casings including a production casing and one or more intermediate 
casings. The casings are typically supported using load t>earing slips positioned above 
the ground. The conventional design and construction of wellheads is expensive and 
complex. 

10 Conventionally, a wellbore casing cannot be formed during the drilling of a 

wellbore. Typically, the wellbore is drilled and then a wellbore casing is formed in the 
newly drilled section of the wellbore. This delays the completion of a well. 

The present Invention Is directed to overcoming one or more of the limitations of 
the existing procedures for forming welibores and wellheads. 

15 Summary 

According to ariother emtxxJiment of the present invention, a method of 
e}q)anding a tubular member is provided that includes placing a mandrel within the 
tubular member, pressurizing an annular region within the tubular member above the 
mandrel, and displacing the mandrel with respect to the tutxilar member. 

20 According to another embodiment of the present invention, an apparatus for 

radially expanding a tubular member is provided that includes a first tubular member, a 
second tubular noernber positioned within the first tubular member, a third tubular 
member movably coupled to and positioned within the second tut)ular rhember, a first 
annular sealing member for sealing an interface between the first and second tubular 

25 members, a second annular sealing member for sealing an interface between the 
second and third tubular members, and a mandrel positioned within the first tubular 
member and coupled to an end of the third tubular member. 

According to another ismbodiment of the present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the diameter of 

30 the tubular member positioned within the tubular , nriember, and an annular chamber 
defined by the piston arid tubular nienriber. The piston includes a passage for 
conveying fluids out of the tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 

35 preexisting structure. The tubular member is coupled to the preexisting stnjcture by 



the process of: posltionihg the tubular member in ah overlapping relationship to the 
preexisting structure, pladng a mandrel within the tubular menriber, pressurizing an 
annular region within the tubular member above the mandrel, and displacing the 
mandrel with respect to the tubular member. 
5 According to another embodiment of the present invention, a method of 

expanding a tubular member is provided ttiat includes preforming the tubular member 
to include a first portion, a second portion, and d third portion, placing a mandrel within 
the second portion of the tubular member, pressurizing a region within the tubular 
member, and displacing the mandrel wRh respect to the tubular member. The inside. 

10 diameter of the second portion of the tubular member is greater than the inside 
diarneters of the first and third portions of the tubular member. 

According to another embodiment of the present invention, an apparatus for 
radially expanding a tubular niember is provided that includes a first tubular memt>er, a 
second tubular member coupled to the first tubular memt>er. a third tubular memt>er 

15 coupled to the second tubular nriember, and a mandrel positioned within the second 
, tubular rnember arid coupled to an end portion of the third.tubular member. The inside 
diameter of the second tubular member is greater than the inside diameters of the first 
and third tubular meml>er5. 

According to another embodiment of the present invention, an apparatus is 

20 provided that includes a tubular member having first, second, and third portions, a 
piston adapted to expand the diarneter of the tubular member positioned wtthin ttie 
second portion of the tubular niember. the piston including a passage for conveying 
fluids out of the tubular memt)er. The inside diameter .of ttie second portion of the 
tubular nriember is greater ttian the inside diameters of tiie first dnd ttiird portiorts of the 

25 tubular member. 

According to another embodiment of tiie present invention, an apparatus is 
provided thai includes a preexisting stnjcture and a tubular rnember coupled to the 
preexisting structure. The tubular member is coupled to the preexisting structure by 
ttie process of: prefomning the tubular mertiber to include first, second, and third 

30 portions, positioning the .tubular rnember in an overlapping relatioriship to the 
preexisting structure; placing a rnandrel within ttte second portion of the tubular 
member; pressurizing an interior regioh wittiln ttie tubular rnennber; ami displacing the 
mandrd witti respect to the tubular member. The jn^e diameter of the second portion 
of tiie tubular member is greater than the inside diameters of ttie first and third portions 

35 of the tubular member. 



The present embcxliments of the invention provide methods and apparatus for 
fomning and/or repairing wellbore casings, pipelines, and/or structural supports by 
radially expanding tubular members. In this manner, the fonmation and repair of 
wellbore casings, pipelines, and structural supports is improved. 
5 Brief Description of the Drawings 

FIG. 1a is a fragmentary cross-section illustration of an embodiment of an 
apparatus and method for expanding tubular nr^embers. 

FIG. lb is another fragmentary cross-sectional illustration of the apparatus of 
FIG. la. 

10 FIG. 1c is another fragmentary cross-sectional illustration of the apparatus of 

FIG. la. 

FIG. 2a is a fragmentary cross-section illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

FIG. 2b is another fragmentary cross-sectional illustration of the apparatus of 
15 FIG. 2a. 

FIG. 2c is another fragmentary cross^sectional illustration of the apparatus of 
RG.2a. 

FIG. 2d is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a. 

20 FIG. 2e. is another fragmentary cross-sectional illustration of the apparatus of 

FIG. 2a. 

Detailed Description of the lllustratiye Embodiments 
Refening now to FIGS. la. 1b and 1c, an apparatus 100 for expanding a 
tubular member will be described. In a prefen^ed embodiment, the apparatus 100 
25 includes a support member 105. a packer 110. a first fluid conduit 115, an annular fluid 
passage 120, fluid inlets 125, an annular seal 130. a second fluid conduit 135. a fluid 
passage 140, a mandrel 145, a mandrel launcher 150, a tubular member 155. slips 
160. and seals 165. In a preferred embodiment, the apparatus 100 is used to radially 
expand the tubular mernber 155. In this mariner, the appiaratus 100 may be used to 
30 fonm a wellbore casing, line a wellbore casing, fomi a pipeline, line a pipeline, fonm a 
structural support member, or repair a wellbore casing, pipeline or structural support 
member. In a preferred embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 155 onto a preexisting tubular member. 

The support member 105 is preferably coupled to the packer 110 and the 
35 mandrel launcher 150. The support member 105 preferably is a tubular member 
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fabricated from any number of conventional oommerdally available materials, such as, 
for example, oilfield country tubular goods, low alloy steel, cartx)n steel, or stainless 
steel. The support memt>er 105 is preferably selected to fit through a preexisting 
section of wellbore casirig 170. In this manner,, the apparatus 100 n^iay be positioned 
5 within the wellbore CE^ing 170. In a preferred embodinrient, the support member 105 is 
releasably coupled to the mandrel launcher 150. In this manner, the support menriber 
105 may be decoupled from the mandrel launcher 150 upon the completion of an 
extrusion operation. 

The packer 110 is coupled to the support member .105 and the first fluM conduit 

10 115. The packer 110 preferably provkJes a flukl seal between the outside surface of 
the first fluid' conduit 115 and the inside surface of the support member 105. In this 
manner, the packer 110 preferably seals off and, in combination with the support 
member 105, first fluid conduit 115. second fluid conduit 135. arid mandrel 145, defines 
an annular chamt>er 175. The packer 110 may be any numt>er of conventional 

15 amvnerdally available packers modified in accordance with the teachings of the 
present disclosure. In a preferred emtxxiinr^nt, the packer 110 is ah RTTS packer 
available from Halliburton Energy Services in order to optimally provide high load and 
pressure containment capacity while also altowing the packer to be set and unset 
multiple times without having to pull the packer out of the wellbore. 

20 The first fluid conduit 115 is coupled to the packer 110 and the annular seal 

130. The first fluid conduit 115 preferably is an annular member fabricated from any 
number of conventtaihal commerdaliy available materials such as, for example, oilfield 
Country tubular goods, tow alloy steel, carbon steef, dr stainless steel. In a preferred 
embodiment the first fluid conduit 115 includes one or more fluid inlets 125 for 

25 conveying fluidic materials from the annular fluid passage 120 into the chamber 175. 

The annular flukl passage 1 20 is defined by and positioned between the interior 
surface of the first fluid conduit .115 and the interior surface of the second fluid conduit 
135. The annular fluid passage 120 is preferably adapted to convey fluidic rnaterials 
such as oennent. water, epoxy, lubricants, arid sla^ mix at operating pressures and flow 

30 rates rangirig from about 0 to 3.000 gaDons/minute dnd 0 to 9,000 psi In order to 
optimally provMe ftow rates and operatk>nal pressured for the radial expansiori process. 

The flukJ Inlets 125 are positioned in an end portion of the first flukl conduit 1 1 5. 
The fluid Inlets 125 preferat)ly are adapted to corivey fluidic materials such as cement, 
water, epoxy, lubricants,, and slag mix at operating pressures and flow rates ranging 
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from about 0 to 9.000 psi and 0 to 3.000 gallons/minute in order to optimally proykle 
flow rates and operational pressures for the radial expansion process. 

The annular seal 130 Is coupled to the first fluid conduit 115 and the second 
fluid conduit 135. The. annular seal 130 preferably provides a fluid seal between the 
5 interior surface of the first fluid conduit 1 1 5 and the exterior surfeice of the second fluid 
conduit 135. The annular seal 1 30 preferably provides a fluid seal between the interior 
surface of the first fluid ooriduit 1 15 and the exterior surface of the second fluid conduit 
135 during relative axial motion of the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional commercially 
10 available seals such as. for example, Orings, polypak seals, or metal spring energized 
seats. In a preferred embodiment, the annular seal 130 is a polypak seal available 
from Paricer Seals. 

The second fluid conduit 135 Is coupled to the annular seal 130 and the 
mandrel 145. The second fluid conduit preferably is a tubular member fabricated from 

15 any number of conventional commercially available materials such as. for example, 
coiled tubing, otifiekl country tubular goods, low alloy steel, stainless steel, or k>w 
carbon steel. In a preferred embodiment,, the second flukl conduit 135 is adiapted to 
convey fluidic materials such as cement, water, epoxy, lubricants, arid slag mbc at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 

20 gallons/minute in order to optimally provide flow rates and operational, pressures for the 
radial expansion process. 

The fluid passage 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. In a preferred embodiment the fluid passage 140 is adapted to convey 
fluidic materials such as cement, water, epoxy. lubricants, and slag mix at operating 

25 pressures and flow rates ranging from about 0 to 9.000 psi and 0 to 3.000 
gallons/minute in order to optimally provkle flow rates and operational pressures for the 
radial expansion process. ' 

The mandrel 145 is coupled to ttie second fluid conduit 135 and the mandrel 
launcher 150. The mandrel 145 preferably are an annular member having a conic 

30 section fabricated from any number of conventional commercially available materials 
such as, for example, machine tool steel, ceramtes, tungsten cari^ide, titanium or other 
high strengtti alloys. In a preferred embodiment, the angle of the conic section of the 
mandrel 145 ranges from about 0 to 30 degrees in order to optimally expand the 
mandrel launcher 150 and tubular member 155 in the radial direction. In a pretend 

35 embodiment, ttie surface of the conic section ranges from about 58 to 62 Rockwell C in 
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order to optimally provide high yield strength. In a prefenred eml)odlment, the 
expansion cone 145 is heat treated in order to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance arKl 
fracture toughness. In an attemative embodiment, the mandrel 145 is expandible in 
order to further optimally augment the radial expar^ion process. 

The mandrel launcher ISO is coupled to the support member 105, the rhandrel 
145, and the tubular member 155. The mandrel launcher 150 preferably are a tubular 
member having a variable cross-secQon and a reduced vtM thickness In order to 
fadlitate the radial expansion process. In a preferred embodiment, the cross-sectional 
area of the mandrel launcher 150 at one end is adapted to mate with th^ mandrel 145, 
and at the other end, the cross-sectionial area of the mandrel launcher 150 is adapted 
to match the cross-sectional area of the tubular member 155. In a preferred 
embodiment, the wall thickness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wall thickness of the tubular member 155 in order to fadlitate the initiation 
of the radial expansion process. 

The mandrel launcher 150 may t>e fabricated from any number of conventional 
comnnerdally available materials such as, for example, oilfield country tubular igoods. 
tow alkiw steel, stainless t^teel. or carbon steel. In a preferred embodiment, the 
mandrel launcher 150 is fabricated from oilfield country tubular goods having higher 
strength but lower wall thtokness than the tubular member 155 in order to optimally 
match the burst strength' of the tubular member 155. In a preferred embodiment, the 
rnandrel launcher 150 is removably coupled to the tubular member 155. In . this 
manner, the nnandrel launcher iso may be removed from the wellbore 180 upon the 
oompietion of ah extruston operation. 

In an alternative embpdintent. the support member 105 and the mandrel 
launcher 150 are integrally fonmed. In this alternative embodiment, the support 
nr>ember 105 preferably terminates above the top of the packer 110, In this alternative 
embodiment the fluid conduits 115 and/or 135 provide structural support for the 
apparatus 100, using the packer 110 to couple together the elements of the apparatus 
100. In this alternative embodinient. In a preferred embodiment, during the radial 
expanston process, the packer 1 10 may be unset and reset, after the slips 160 have 
anchored the tubular rnenriber 155 to the previous casing 170,, within the tubular 
member 155, between radial expansion operations. In this manner, the packer 110 is 
moved downhoie and the apparatus 100 is re-stroked. * . 



The tubular member 155 is coupled tb the mandrel launcher, the slips 160 and 
the seals 165. The tubular member 155 preferably is a tubular member fabricated from 
any number of conventional commercially available materials such as, for example, low 
alloy steel, carbon steel, stainless steel, or oilfield country tubular goods. In a preferred 
5 embodiment, the tubular member 1 55 is fabricated from oilTield country tubular goods. 

The slips 160 are coupled to the outside surface of the tubular member 155. 
The slips 160 preferably are adapted to couple to the interior walls of a casing, pipeline 
or other structure upon the radial expansion of the. tubular member 155. In this 
manner, the slips 160 provide structural support for the expanded tubular member 1 55. 
10 The slips 160 may be any number of conventional commercially available slips such 
as, for example. RTTS packer tungsten carbide slips, RTTS packer wicker type 
nrtechanical slips or Model 3L retrievable bridge plug tungsten carbide upper 
, mechanical slips. In a preferred embodiment, the slips 160 are RTTS packer tungsten 
carbide mechanical slips available from Hailiburton Energy Services. In a preferred 
15 embodiment, the slips 160 are adapted to support axial forces ranging from about 0 to 
750,000 Ibf. 

The seals 165 are coupled to the outside surface of the tubular member 155. 
The seals 165 preferably provide a fluidic seal between the outshJe surface of the 
expanded tubular member 155 and the interior walls of a casing, pipeline or other 

20 structure upon the radial expansion of the tubular member 155. In ttils manner, the 
seals 165 provkle a fluidic seal for the expanded tubular member 155. The seals 165 
may be any number of conventional commercially available seals such as, for example, 
nitrile rubber, lead, Aflas rubbler. Teflon, epoxy, or other elastomers. In a prefenred 
embodiment, the seals 165 ai^e rubber seals available' from numerous commercial 

25 vendors in order to optimally pro>nde pressure sealing and ksad bearing capacity. 

During operation of the apparatus 100. the apparatus 100 is preferably lowered 
into a wellbore 180 having a preexisting section of wellbore casing 170. in a preferred 
embodiment, the apparatus 100 is positioned with at least a portion of the tubular 
member 155 pvertapping with a portion of the wellbore casing 170. In this manner, the 

30 radial expansk>n of the tubular rnember 1 55 will preferably cause the outside surface of 
the expanded tubular member 155 to couple with the inskie surfiace of the wellbore 
casing 170. In a preferred embodiment, the radial expansion of the tubular rriember 
155 will also cause the slips 160 and seals 165. to engage with the interior surfece of 
the wellbore casing 170. In this ntanner, the expanded tubular member 155 is provided 
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with enhanced structural support by the slips 160 and an enhanced fluid seal by the 
seals 165. 

As illustrated In FIG. lb, atter placement of the apparatus 100 in an overlapping 
relationship with the wellbpre casing 170, a fluidic inaterial 185 is preferably pumped 

5 into the chamber 175 using the fluid passage 120 and the Inlet passages 125. In a 
preferred embodiment, the fluidic material Is pumped into the chamber 175 at operating 
pipssures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000. 
. gallons/minute In order to optimally provide fioW rates and operational pressures for the 
radial expansion process. The pumped fluidic material 185 increaise the operating 

10 pressure within the chamber 175. The Increased operating pressure in the chamber 
175 then causes the mandrel 145 to extrude the mandrel launcher 150 and tubular 
member 1 55 off of the face of the mandrel 145. The extrusion of the mandrel launcher 
150 and tubular member 155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular number 155 to expand in the radial directton. Continued 

15 pumping of the fluidic material 185 preferably causes the entire length of the tubular 
memt>er 155 to expand irt the radial direction. 

In a preferred embodiment, ttie pumping rate and pressure of \he fluidic 
material 185 is reduced during the latter stages of the exbiislon process In order to 
minimize shock to ttie apparatus 100. In a pr^erred embodiment, the apparatus 100 

20 includes shock absorbers for absorbing the shock caused by the completion of the 
extruskMfi process. 

In a preferred embodiment, the extrusion process causes the mandrel 145 to 
move in an axial direction 185. During the axial movement of the mandrel, in a 
preferred embodiment the fluid passage 140 QDnveys fluidic material 190 displaced by 
25 the moving mandrel 145 out of the wellbore liBO. In this manner^ flie operational 
efficiency and speed of ttie extrusion process is enhanced. 

In a preferred embodiment, ttie extrusion process Includes ttie injec^on of a 
hardenaWe' fluidic material Into the annular region betweeri ttie tubular member 155 
and the bore hole 180. In this nnanner, a hardened sealing layer is provided between 
30 ttie expanded tubular rtiember 1 55 and tiie Interior walls of ttie wellbore 1 80. 

As illustrated in FIG. 1c, In a prefewed embodiment, upon ttie completion of ttie 
exth^ion process, ttie support member 105, packer 110, first fluid oondint 115, annular 
seal 130. second fluid conduit 135, mandrel 145, and mandrel jauncher 150 are moved 
from the wellbore 180. / 
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In an altemativie embodiment the apparatus 100 is used to repair a preexisting 
wellt>ore casing or pipeline. . In this aKemative embodinrient, both ends of the tubular 
member 1 55 preferably include slips 160 and seals 1 65. 

In an alternative embodiment, the apparatus 100 is used to fomi a tubular 
5 structural support for a building or offshore structure. 

Refening now to FIGS. 2a, 2b. 2c, 2d. and 2e. an apparatus 200 for expanding 
a tubular member will be described. In a preferred embodiment, the apparatus 200 
includes a support member 205, a mandrel launcher 210, a mandrel 215, a first fluid 
passage 220, a tubular member 225. slips 230, seals 235, a shoe 240. and a second 
10 fluid passage 245. In a preferred embodiment, the apparatus 200 is used to radially 
expand the mandrel launcher 210 and . tubular member 225. In this manner, the 
apparatus 200 nriay be used tq fomi a wellbore casing, line a wellbore casing, form a 
pipeline, line a pipeline, form a structural support member, or repair a wellbore casing, 
pipeline or structural support member. In a preferred embodiment, the apparatus 200 
15 is used to dad at least a portion of the tubular member 225 onto a preexisting structural 
member. 

The support member 205 is preferably coupled to the mandrel launcher 210. 
The support member 205 preferably is a tubular member fabricated from iany nunriber 
of conventional commercially available materials such as, for example, oilfield country 

20 tubular goods, low alby steely carbon steel, or stainless steel. The support member 
.205, the mandrel launcher 210, the tubular, member 225, and the shoe^.240 are 
preferably selected to fit through a preexisting section of wellbore casing 250. In this 
manner, the apparatus 200 may be positioned within the wellbore casing 270. In a 
preferred embodiment, the support member 205 is reteasably coupled to the mandrel 

25 launcher 210. In this manner, the support member 205 may be decoupled from the 
mandrel launcher 210 upon the completion of an extrusion operation. 

The nnandrel launcher 210 is coupled to the support member 205 and the 
tubular member 225. The mandrel launcher 210 preferably are a tubular member 
having a variable cross-section arid a reduced wall thidcness in order to facilitate the 

30 radial expansion process. In a preferred einbodiment, the cross-sectional area of the 
mandrel launcher 210 at one enid is adapted to mate with the mandrel 215, and at the 
other end, the cross-sectional area of the mandrel launcher 210 is adapted to match 
the cross-secHonal area of the tubular member 225. In a prefened embodiment, the 
wiall thickness of the mandrel launcher 210 ranges from about 50 to 100 % of the wall 
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thickness of the tubular member 225 in order to faaTitate the initiation of the radial 
expansion process. 

The mandrel launcher 210 may be fabricated from any number of conventional 
commerdaliy available materials such as, for example, oilfield country tubular goods, 
5 low allow steel, stainless steel, or carbort steel. In a preferred embodiment, the 
mandrel launcher 210 is fabricated from oilTield country tubular goods having higher 
strength but lower vyall thickness than the tubular niember 225 In order to optimally 
match the burst strerigth of the tubular member 225. In a preferred embodiment, the 
mandrel launcher 210 is removably coupled to the tubular member 225. . Iri this 

10 manner, the n^ndrel launcher 210 may be removed from ttie wellbore 260 upon the 
completion of an exfrusion operation. . 

The mandrel 215 is coupled to the mandrel launcher 210; The mandrel 215 
preferably are an annular member having a conic section fabricated from any number 
of conventional commerdaliy available rBaterials such as. for example, rhachine tool 

15 steel, ceramics, tungsten carbide, tifanlum or other high strength alloys. In a prefen^ 
embodiment, the angle of the conic section of the mandrel 215 ranges from about 0 to 
30 degrees in order to optimally expand the mandrel launcher 210 and the tubular 
rriember 225 In the radial direction. In a prefanred.embodiment, the surface of the conic 
section ranges from about 58 to 62 Rockwell C in onler to optimally provide high yield 

20 strength. In a preferred embodiment, the e)9>ansk)n cone 215 is heat treated in order 
to optimally provide a hard outer surface and a resilient interior body in . order to 
(^timally provide abrasion resistance and fracture toughriess. In an altemative 
embodiment, the mandrel 215 is expendible in order to' further optimally augment the 
radial expansion process. 

25 The fluid passage 220 is positioned within the mandrel 215. The fluid passage 

220 is preferab^ adapted to convey fluidic materials such as cement, water, epoxy, 
lubricants, and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallohs/minute in order to optimally provide flow rates and 
. operatkHial pressures for the radial expansion process. The fluid passage 220 

30 preferably includes an inlet 265 adapted to receive a plug, or other similar device. In 
this manner, the interior chamber 270 above the mandrel 215 may be fiuklkdy isolated 
frcmi the interk>r chamber 275 betow the niandrel 215. 

The tubular meniber 225 is coupled to the mandrel launcher 210, the slips 230 
and the seals 235. The tubular rhember 225 preferably is a tubular member fabricated 

35 from any number of conventional commercially available materials such as. for 



example, low alloy steel. cartx>n steel, stainless steel, or oilfield country tubular goods. 
In a preferred embodinient, the tubular member 225 is fabricated from oilfield country 
tubular goods. 

The slips 230. are coupled to the outside surfece of the tubular memt)er 225. 
5 The slips 230 preferably are adapted to couple to the Interior walls of a casing, pipeline 

^ or other structure upon the radial expansion of the tubular mennber 225. In this 
manner, the slips 230 provide structural support for the expanded tubular member 225. 
The slips 230 may be any number of conventional commercially available slips such 
as. lor example, RTTS padcer tungsten carbide mechanical slips, RTTS packer wicker 

10 type mechanical slips, or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical slips. In a preferred embodiment, the slips 230 are adapted to support 
axial forces ranging from about 0 to 750,000 Ibf . 

The seals 235 are coupled to the outside surface of the tubular member 225. 
The seals 235 preferably provide a* fluidic seat between the outside surface of the 

15 expanded tubular member 225 and the interior walls of a casing, pipeline or other 
structure upon the radial expansion of the tubular member 225. In this manner, the 
seals 235 provide a fluidic seal for the expanded tubular member 225. The seals 235 
may be any number of conventional commercially available seals such as, for example, 
nitrile rubber, lead, Aflas. rubber, Teflon, epoxy or other elastomers. In a preferred 

20 embodiment, the seals 235 are converittonal rubber seals available from various 
commercial vendors in order to optimally provide pressure sealing and load bearing 
capacity. 

The shoe 240 is coupled to the tubular member 225. The shoe 240 preferably 
is a substantially tubular member having a fluid passage 245 for conveying fluidic 

25 materials from the chamber 275 to the annular region 270 outside of the apparatuis 
200. The shoe 240 may be any number of conventional commercially available shoes 
such as, for example, a Super Seal ll float shoe, a Super Seal II Oowri-Jet float shoe, 
or a guide shoe with a sealing sleeve for a latch down plug modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the shoe 240 is an 

30 aluminum dowrHet guide shoe with a sealing sleeve for a latch down plug, available 
from Halliburton Energy Services, modified in aooorda^nce with the teachings of the 
present disclosure, in order to optimally guide the tubular memt>er 225 in the wellbore, 
optimally provide a fluidic seal t>etween the interior and exterior diameters of the 
overlapping joint between the tubular members, and optimally facilitate the complete 



drilling out of the sho^ and plug upon the completion of the cementing and radial 
expansion operations. 

During operation of the apparatus 200. the apparatus 200 is preferably lowered 
into a wellboTB 260 having a preexisting section of wellbore casing 275. In a prefenred 
5 emtxxJiment. the apparatus 200 iS4X)sitioned with at least a portion of the tubular 
member 225 overlapping with a portion of the wellbore casing 275. In this manner. tt)e 
radial expansion of the tubular member 225 will preferably cause the outside surface of 
the expanded tubular member 225 to couple with the inside surface of the wellbore 
casing 275. In a prefenred embodiment the radial expansion of the tubular mernber 
10 225 wiH also cause the. slips 230 and seals 235 to engage with the interior surface of 
the wellbore casing 275. In this manner, the expanded tubular member 225 is provideid 
with enhanced structural support by the slips 230 and an enhanced fluid seal by the 
seals 235. 

As illustrated in FIG. 2b, after placement of the apparatus 200 in an overlapping 

15 relationship with the wellbore casing 275, a fluidic material 280 is preferably pumped 
into the chamber 270. The fluidic material 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes oiit of the chamber 
275, through the fluid passage 245, and into the annular region 270. In a preferred 
embodiment, the fluidic material 280 is pumped into the chamber 270 at operating 

20 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000. 
gallons/minute In order to optimally provide flow rates and operational pressures for the 
radial expansion process. In a prefened embodiment, the fluidic material 280 Is a 
hardenable fluidic sealing material in order to fonm a hardened outer annular member 
around the expanded tubular member 225. ^ 

25 As illustrated in FIG. 2c, at some later point in the process, a ball 285; plug or 

other similar device, Is Introduced into the pumped fluidic material 280. In a preferred 
embodiment the ball 285 mates with and seals off the inlet 265 of the fluid passage 
220. In this nrianner, the chamber 270 is fluldidy Isolated from the chamber 275. 

As illustrated in FIG. 2d. after placement of the ball 285 in the inlet 265 of the 

30 fluid passage 220, a fluidic material 290 is pumped into the chamber 270. The fluidic 
material is preferably pumped into the chamber 270 at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
provide optimal operating efficiency. The fluidic material 290 may be any number of 
conventional Qommerdaliy avaUaUe materials such asi for example, water, drilling 
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mud, cement, epoxy, or slag nrtix. In a preferred embodiment, the fluidic material 290 is 
a non-hardenable fluidic nrjaterial in order to maximize operational efficiency. 

Continued pumping of the fluidic material 290 increases fluidic material 280 
increases the operating pressure within the chamber 270. The increased operating 

5 pressure in the chamber 270 then causes the mandrel 21 5 to extrude the mandrel 
launcher 210 and tubular member 225 off of the conical face of the mandrel 215. The 
extrusion of the mandrel launcher 210 and tubular member 225 off of the conical face 
of the mandrel 215 causes the mandrel launcher 210 and tubular member 225 to 
expand In the radial direction. Continued pumping of the fluidic material 290 preferably 

10 causes the entire length of the tubular member 225 to expand in the radial direction. 

In a preferred embodiment, the pumping rate arid pressure of the fluWiq 
material 290 is reduced during the latter/stages of the extrusion process in order to 
minimize shock to the apparatus 200. in a prefen-ed embodiment, the apparatus 200 
includes shock absorbers for absorbing the shock cauised by the completion of the 

15 extrusion process. In a preferred embodiment, the extrusion process causes the 
mandrel 21 5 to move In an axial direction 295. 

As illustrated in FIG. 2e, In a prefened embodiment, upon the completton of the 
extruston process, the support member 205, packer 210, first fluid conduit 215. annular 
seal 230, second fluid conduit 235. mandrel 245. and mandrel launcher 250 are 

20 removed from the wellbore 280. In a prefenred embodiment, the resulting new section 
of vwellbore casing Includes the preexisting wellbore casing 2175; the expanded tubular 
member 225, the slips 230, the seals 235, the shoe 240, and an outer annular layer 
4000 of hardened fluidic material. 

in an alternative embodiment, the apparatus 200 Is used to repair a preexisting 

25 wellbore casing or pipeline. In this alternative embodiment, lioth ends of the tubular 
member 255 preferably include slips 260 and seals 265. 

In an alternative embodiment, the appiaratus 200 is used to fonm a tubular 
structural support for a building or offshore structure. 

In a preferred embodiment, the tubular members 105 and 225; shoes 240; 

30 expansion cone launchers 150 and 210; and expansion cones 145 and 215 are 
provided substantially as described In one or nrwe of the following U.S. patent 

applications: (1) utility patent applteation number ^ , attdmey docket 

number 25791.9.02. filed on 11-16-1999. which claimed ttie benefit of the filing date of 
provisional patent application number 60/108.558, attomey docket number 25791.9, 

35 filed on 1 1-16-1998; (2) utility patent application nuniber attomey docket 
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number 25791.3.02, filed on 12-3-1999. which claimed the benefit of the filing date of 
provtsionar patent application nunnber 60/111.293, attorney docket number 25791.3. 

filed on 12-7-1998; (3) utiBty patent application number , attorney docket 

number 25791.8.02, filed on 2-10-2000. which claimed the benefit of the filing date of 
5 provisional patent application number 60/119,611, attonrrey docket number 25791.8, 
filed on 2-11-1999; (4) provisional patent , application number 60/121.702. attorney 
docket number 25791.7, filed on 2-25-1999; (5) provisional patent applicaUon number 
60/121,841, attorney docket number 25791.12, filed on 2-26-1999; (6) provisional 
patent applicatbn number 60/121,907. attorney docket number 25791.16, filed on 2- 

10 26-1999; (7) provistonal patent application number 60/124,042, attorney docket number 
25791.11. filed on 3-11-1999; (8) provisional patent application number 60/131,106. 
attorney docket number 25791 :23, filed on 4-26-1999; (9) provisional patent application 
number 60/137.998, attorney docket number 25791.17, filed on 6-7-1999; (10) 
provisional patent application numt)er 60/143.039, attomey docket number 25791.26, 

15 filed on 7-9-1999; (11) provisional patent application number 60/146,203. attomey 
docket number 25791.25. filed on 7-29-1999; (12) provisional patent application 

number attomey docket number 25791.29, filed on 9-16-1999; (13) 

provisional patent application number , attomey docket number 

25791.34. filed on 10-12-1999; (14) provistonal patent applicatton number _^ , 

20 attorney docket number 25791.36, filed on 10-12-1999; (13) provisional . patent 
. application number 60/159,033, attomey docket number 25791.37, filed op 10-12- 

1999; (15) provisional patent applicatioii number . attorney docket 

number 25791.27, filed on 11-01-1999.. Applicants incorporate by reference the 
disck)sures of these applications. 

25 Although illustrative embodinnents of the invention have been shown and 

described^ a wide range of nrxxlifk^tion, changes and substitution is contemplated in 
tile foregoing disclosure. In some instances, ^me features of the present invention 
may be emptoyed without a OOTesponding use of Uie other features.. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner consistent 

30 with the scope of the invention. . 
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Claims 

1. An apparatus, comprising: 
a tubular m8mt)er; 

a piston adapted to expand the diameter of the tubular member positioned 
5 within the tubular member, the piston including a passage for conveying fluids out of 
the tubular member, and 

an annular chamber defined by the piston and tubular member. 

2 . The apparatus of claim 1, wherein the piston includes a conical suirfeice. 

10 

3 . The apparatus of daim 2, wherein the angle of attack of the conical surface 
ranges from 0 to 30 degrees. 

4. The apparatus of claim 3, wherein the conical surface has a surface hardness ^ 
15 ranging from 58 to 62 Rockwell C. 

5. The apparatus of daim 3, wherein the tubular member indudes one or rtKMre 
sealing members coupled to the exterior surface of the tubular rmmber. 

20 6. An apparatus, comprising: 

a tubular rhember having a first portion, a second portion, and a third portion; 

and 

a piston adapted to expand the diameter of the tubular member positioned 
within the second portion of the tubular memt>er. the piston induding a passa0 for 
25 ^ conveyirtg flukls out of the tubular member, 

whefrein the inside diameter of the second portion of the tubular member Is 
greater than the inskie diameters of the first and third porttons of the tubular member. 

7. The apparatus of daim 6, wherein the piston indudes a conical surface. 

30 

8. The apparatus of daim 7, wherein the angle of attack of the conical surface 
ranges from 0 to 30 deigrees. 

9. The apparatus of daim 7, wherein the contoal surface has a surface hardness 
35 ranging from 58 to j52 Rockwell C. 
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1 0; the apparatus of daim 6, wherein the tubular member includes one or more 
sealing members coupled to the exterior surfiace of the tubular member. 
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